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The effects of microcySt-n-LRk, a trichothecene (T-2 toxin) and saxitoxin on membrane lipid mediators of inflammatory processes were evaluated in cultured rat hepatocyte .microcytin-LR -s ignificantly stimulatell the release of prostacyclinf_(.6-keto Fla 38%,p<0.0l)--hnd thromboxane BI3 (x 2 , 50%,P<0.001)' n a concentration-dependent manner. The trichothecene toxin, T-2, enhanced the release of prostaglandin F~i (PGF~a) by 24% (p <0.05,) and arachidonic acid by 29% (p <0.05); while saxitoxin failed to cause the release of prostaglandins or arachidonic acid.
Incorporation ofk \rachidonic acid into the lipid pool was reduced to 47% (p <0.025) by l' 3'microcystin-LR. Changes in phospholipid classes indicated that prostaglandin formation induced by microcystin-LR was due to the release of arachidonic acid from the phosphatidylinositol pooli No stAtiatically significant effect of toxin was observed on d .2
2
SUMMARY
The effects of microcystin-LR, a trichothecene (T-2 toxin) and saxitoxin on membrane lipid mediators of inflammatory processes were evaluated in cultured rat hepatocytes.
Microcystin-LR significantly stimulated the release of prostacyclin (6- 
Effect of toxins on prostaqlandin release:
Data in Table II demonstrate that saxitoxin failed to stimulate prostaglandin release from hepatocytes within 2 hr. T-2 toxin (1 AM) stimulated the release of PGF 2 a by 24% (p <0.05) and arachidonic acid by 29% (p <0.05).
Lower concentrations of T-2 were completely ineffective in inducing prostaglandin or arachidonic acid release (data not shown). Synthesis and release of both 6-keto Fla and TxB 2 were most sensitive to microcystin-LR, although the effect at lower concentrations was minimal (Table III) .
PGF 2 a and PGE 2 release was not affected at 1 AM microcystin-LR.
The release of free arachidonic acid into the culture medium was significantly increased at the lowest concentration tested (0.01 MM for 2 hr) by almost 71% (p < 0.05).
Distribution of radioactivity in livid classes: Cellular
phospholipids were separated from total lipids and the distribution of radioactivity among different classes of phospholipids was determined (Table IV) . No significant changes in PC, PS or PA were observed except that 1 MM microcystin-LR decreased PA significantly from 1.2 ± 0.06% in the control culture to 0.72 ± 0.04% in treated cultures (p <0.005).
Phosphatidylinositol and PE gradually declined with increasing concentrations of microcystin-LR (Table IV) . Neutral lipids were also analyzed by TLC. Cholesterol and cholesterol ester fractions remained unaffected at all microcystin-LR concentrations tested (data not shown). The fatty acid ester 9 fraction showed a dose-dependent increase in 14 C-arachidonic acid incorporation. Microcystin-LR at 0.5 to 1.0 AM stimulated free fatty acid and triglyceride synthesis (Table V) .
DISCUSSION
Few investigations concerned with the stimulation of the inflammatory cascade by toxins have been reported (6,7,11,12,18 ).
However, several tissues and organs have been shown to be exquisitly sensitive to a number of toxins (11, 12) . Reaction to such exposures results in inflammation, necrosis or accumulation of inflammatory cells at the site of toxin-induced injury. We speculated that toxins activate phospholipase A 2 to release arachidonic acid, a precursor for the synthesis of prostaglandins, leukotrienes, and other immunoregulatory mediators. These substances are all known to cause inflammation and membrane damage by activation of protease enzymes (19) .
The present study was undertaken to evaluate the effect of microcystin-LR, T-2 toxin, and saxitoxin on the release of cyclooxygenase products. Microcystin-LR specifically induced the release of arachidonic acid metabolites in hepatocytes, neither T-2 toxin or saxitoxin, at the concentration tested, showed an effect. This is consistent with the general belief that microcystin-LR is a specific hepatotoxin, while T-2 toxin causes inflammation in other tissues, and saxitoxin is not yet known to induce inflammatory reaction in any tissue.
Hepatocytes exposed to microcystin-LR synthesized and produced cyclooxygenase products, mediated via phospholipid metabolism. We observed a significant breakdown of PI in hepatocytes treated with microcystin-LR. Further steps in arachidonic acid liberation by this pathway have yet to be determined. Some loss of arachidonyl radioactivity from PE might be transferred to PC by the N-methylation pathway of PC synthesis (Table IV) . Data from our experiments also showed that prostaglandin formation stimulated by microcystin-LR was due to release of arachidonic acid by PI metabolism.
Several toxic effects of microcystin-LR have been reported in the literature, but its mode of action at the celluiar and molecular level in liver, the target organ, have not been clearly ii identified and understood (22) (23) (24) (25) . Microcystin-LR significantly reduced the uptake and increased the release of arachidonic acid.
These effects may be important in the mechanism of its toxicity, as they may involve changes in cell membrane structure, and perhaps, alterations in fatty acid transport and metabolism. Table IV . Neutral lipid was extracted and separated by TLC as described in methodology.
Results represent mean ± SEM of three experiments in duplicate.
(*)-P 50.05 from control.
